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157) ABSTRACT

A method of manufacturing color filters in which a
photosensitive film, which is used for forming filter
elements, is formed on a substrate. A photomask with a

given stripe pattern 1s placed above the photoresistive
film. Under this condition, the photomasked-film 1s
subjected to a first exposure process. The photomask is
then moved in the direction of the stripes in the mask
pattern. Following a second exposure process, develop-
ing, dyeing and dyeing-preventing processes are per-
formed for color filter element formation. The forego-
ing steps are performed for each filter element for a
specified color.

19 Claims, 8 Drawing Sheets
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METHOD FOR MANUFACTURING A COLOR
FILTER

This application is a continuation of application Ser.
No. 07/938,025, filed Dec. 4,1986 now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a method for manufacturing
a color filter with an arrangement of filter elements of a
plurality of colors for displaying a color image or for
separating an image into a plurality of colors and pro-
viding image signals of these colors.

Recently, a color display device using a color filter in
which filter elements of three primary colors, blue,
green and red are arranged, has been put into practical
use. In this device, the light rays coming through filter
elements of these colors are synthesized for forming an
image. A color image sensor has also been put into
practical use. This device uses a color filter comprising
filter elements of red, blue and yellow or filter elements
of cyan, magenta and yellow and/or filter elements of
black and white, and generates image signals of these
colors.

In this type of the color filter, color filter elements are
regularly arranged in a stripe fashion or a mosaic fash-
ion, corresponding to the electrodes for display and
photo detecting elements. Each filter element i1s ex-
tremely small. In the case of the stripe-type color filter,
the width of each filter element is only about 0.1 mm or
so. For this reason, photolithography is used for manu-
facturing the color filter, since this technique provides a
minute pattern with high accuracy, and provides high
productivity.

An example of a manufacturing process of the color
filter by photolithography will be described with refer-

ence to FIGS. 1A and 1B. As shown in FIG. 1A, photo-
sensitive film 3 is formed on glass substrate 1 on which
electrodes 2 have already been made. Photo mask 4 is
positioned above photosensitive film 3. Photo mask 4
comprises glass substrate § and opaque metal (made of,
for example, chromium) layer 6 is formed on the portion
of the surface of substrate §, on which a filter i1s not to
be formed. In the second step, photosensitive film 3 is
irradiated by ultraviolet rays (UV) through photo mask
4, to expose the portion of the filter below the light
- transmitting portion 4a of photo mask 4. As a result of
this radiation of ultraviolet rays, only portion 3a, which
defines a shape of the filter element, is photochemically
changed by an optical reaction. Then, in the developing
process, the optically-unreacted portion, or unexposed
portion 3b, is removed. In this way, the exposed portion
3a of photosensitive film 3 is formed on the electrodes 2
of glass substrate 1. This exposed portion i1s used as
. dyeable material layer F. By dyeing the dyeable mate-
rial layer for each color, a color filter element of each
desired color can be obtained.

In the conventional method of manufacturing a color
filter as described above, if photo mask 4 is defective, or
if dust is deposited on photo mask 4, the following prob-
lem arises. This problem will be described using a case
where dust is deposited on the portion 4a of a desired
filter pattern of photo mask 4. For this description,
reference is made to FIGS. 1A and B. Portion 3¢ of
photosensitive film 3 below dust 7, which is deposited
on photo mask 4, is not radiated by ultraviolet rays in
the ultraviolet rays-exposure step, since the rays are
blocked by dust 7. This means that portion 3¢ is not
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optically reacted and 1s, therefore, removed in the de-
veloping process. As a result, this portion fails to be-
come dyeable material layer F, forming a pinhole 8 in
dyeable material layer F. Since pinhole 8 is located in
the filter just above electrode 2, and at this pin hole
portion, no light is absorbed by the filter element, pin-
hole 8 will appear as quite a bright white spot. In the
color display device using such a color filter, because of
the white spot, the quality of an image is extremely
deteriorated. In the color image sensor using this type
of color filter, color separation ability i1s degraded, and
the image signal obtained has poor image reproducibil-
ity.

For the above reason, to manufacture such minute
patterned filters, an environment is selected in which
the size of dust particles in the air is limited to a certain

- value or less, and the number of these dust particles is
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also limited. To remarkably decrease the number of dust
particles in the air, however, larger manufacturing facil-
ities are required and the manufacturing cost is In-
creased. Besides, it is almost impossible to eliminate dust

altogether.
As for the mask manufacturing, the manufacture of

defect-free masks leads to an increase in manufacturing
costs and is actually almost impossible.

As described above, the conventional manufacturing
method of a color filter has a serious disadvantage in
that, due to defects of the photo mask and/or dust on
the photo mask, numerous pinholes occur 1n the color
filter.

SUMMARY OF THE INVENTION

| An object of this invention is to provide a method for
manufacturing a color filter which rarely suffers from
defects such as pinholes and prevents an increase of the

manufacturing costs.

To achieve the above object, there is provided a

method for manufacturing a color filter comprising:

a first step for forming a film including a photosensi-
tive material and a colorable material, on a sub-
strate;

a second step for at least twice exposing said film
while using a mask with a predetermined pattern,
the exposure being performed at least once when-
ever the mask is placed at at least a first position
and a second position distanced from said first
position;

a third step for removing a portion of said exposed
film corresponding to the unnecessary portions;

and
a fourth step following either one of said first and

third steps, for coloring at least a part of said film.

The manufacturing method thus arranged has the
following advantageous effects.

The irradiation is performed at least twice by moving
the mask a predetermined distance at least once. There-
fore, in both the cases, where either dust is deposited on
the light transmitting portion of the mask, or the mask
has a defect due to some remainder of light-shielding
material on the mask, no pinhole is formed in the filter
element. In other words, there is little probability that,
after the mask is moved, dust and/or a defect i1s addi-
tionally deposited and/or appears in the same portion
over the photosensitive film that is not irradiated with
light rays before the mask is moved. Therefore, that
portion of the film associated with the dust and/or de-
fect must be subjected to at least one irradiation before
or after the mask is moved, and is therefore chemically
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changed. This portion remains on the substrate even
after 1t 1s subjected to the process step for removing the

unnecessary portion of the film, so that a pinhole is
never formed.

Thus, if a mask with some dust on it is used for the
filter manufacturing, no defect occurs in the filter, and

hence there is no need for keeping the manufacturing
facilities and environment in a highly dust-free condi-

tion. Further, if a mask with some defect is used, the

manufactured filter will have no defect. This eliminates

the need for a perfect mask. Although the manufactur-
ing method of this invention needs the additional step of
an extra irradiation in association with moving the
mask, the disadvantages of this additional step are negli-
gible.

Therefore, according to this color filter manufactur-
ing method, the color filter can be manufactured inex-
pensively and almost completely free from defects. In
this respect, the manufacturing method of this invention
is well-suited to the mass production of color filters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and 1B show cross-sectional views for illus-
trating a conventional method of manufacturing color
filters;

FIG. 2 shows a plan view of a color display device
using a color filter as manufactured using a manufactur-
ing method of color filters according to this invention;

FIG. 3 shows a cross-sectional view taken along line
[II—III in FIG. 2;

FIG. 4 shows an enlarged plan view of the color filter
shown 1n FIG. 2:

FIGS. 5A to SF show a series of cross sectional views
taken along line IV—IV in FIG. 2, which illustrate
steps of manufacturing a color filter according to this
invention;

FIGS. 6A to 6C show cross-sectional views taken on
line VI—VI in FIG. 2, which illustrates in detail the
exposure steps 1n FIGS. §A to 5F;

FIG. 7 shows a plan view partially illustrating the
color display device, which is for illustrating the move-
ment direction of the mask shown in FIG. 4;

FI1G. 8 shows a plan view partially illustrating the
color display device, which is for illustrating the move-
ment direction of the mask different from that of FIG.
7 and according to another manufacturing method of
color filters of this invention;

FIGS. 9A to 9C show a series of cross-sectional
views which illustrate steps of manufacturing a color
filter according to another embodiment of this inven-
tion; and

FIG. 10 shows a plan view illustrating another array
of color filters for which the manufacturing method of
color filters according to this invention is applicable.

DETAILED DESCRIPTION OF THE
INVENTION

A manufacturing method of a color filter, of the type
in which a plurality of color filter elements are regularly
arranged in a predetermined sequence on a substrate by
a photolithography process, will be described. The
substrate member on which the color filter is formed is
applicable to a glass substrate, a glass substrate on
which display electrodes are formed, a substrate bear-
ing photo sensing elements formed thereon, and the
like.

A description of this invention, as applied to a color
filter using a color liquid crystal display device, will be
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4

given below. This color filter employs red, green, and
blue filter elements, which are arranged in that order to

form a regular striped pattern. This color liquid crystal
display device is constructed as shown in FIGS. 2, 3,
and 4.

In FIGS. 2 and 3, a pair of transparent substrates 11
and 12, made of glass plate, are bonded together at the
frame-like sealing member 13, which is located around
the edges of the substrates. A number of scanning elec-
trodes (108, for example) are formed on the inner sur-
face (bottom surface) of upper substrate 12. A number
of transparent signal electrodes (450, for example) are
formed on the inner surface (upper surface) of lower
substrate 11, and those signal electrodes are arranged
orthogonal to the formerly-mentioned scanning elec-
trodes.

Transparent scanning electrodes 14 are aligned paral-
lel to one another across the width of substrate 12. The
ends of scanning electrodes 14 are respectively con-

nected to drive circuit connection terminal 144, through

leads 14b. A plurality of drive circuit connection termi-

nals are arranged along the terminal array portion 12a,
which is formed by extending one edge of substrate 12
beyond sealing member 13. These drive circuit connec-
tion terminals 14 and leads 14b, which are integral with
scanning electrodes 14, are constructed with transpar-
ent conductive members made of indium oxide, for
example.

Transparent signal electrodes 15R, 15G, and 15B are
formed on the inner surface of lower substrate 11, or-

thogonal to scanning electrodes 14. Each of these signal
electrodes is made of indium oxide, etc., with a thick-
ness of 50 to 60 nm. These signal electrodes are ar-
ranged consecutively in the order of 15R, 15G, and 15B
to form a striped pattern.

In FIGS. 3 and 4, red, green, and blue filter elements
RF, GF, and BF are arranged on signal electrodes 18R,
153G, and 15B, respectively. Red filter element RF,
green filter element GF, and blue filter element BF are
arranged consecutively, in that order, on signal elec-
trodes 13R, 153G, and 15B, respectively.

In this manner, red filter element RF, green filter
element GF, and blue filter element BF, as shown in

FIG. 4, form a striped pattern which is repeated at fixed
pitches P.

Each of these filter elements RF, GF, and BF has a
thickness of 0.7 um to 1.2 um. Also, a liquid crystal
aligning (orientation), film is formed on the front sur-
face of each of these filter elements.

In FIG. 2, terminals 15gR are the drive circuit con-
nection terminals for the signal electrodes 15R (herein-
after referred to as red signal electrodes) on which the
red filter elements RF are formed. Terminals 15aG are
the drive circuit connection terminals for signal elec-
trodes 15G (hereinafter referred to as green signal elec-
trodes) on which the green filter elements GF are
formed. Terminals 154B are the drive circuit connec-
tion terminals for signal electrodes 15B (hereinafter
referred to as blue signal electrodes) on which the blue
filter element is formed. Signal electrodes 15R, 15G and
15B are connected to terminals 15¢R, 15¢G and 154B
respectively, by leads 156b.

Terminals 15aR of red signal electrodes 15R are ar-
ranged 1n a line along the edge of terminal array portion
11a, which is one of the two terminal array portions
(112 and 11b) extending outside sealing members 13 of
lower substrate 11. Terminals 154G of green signal
electrodes 15 are located in a line inside the row of
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terminals for red signal electrodes 15R on terminal
array portion 11a. Terminals 154B of blue display elec-
trodes 15B are arranged in a line on the other terminal
array portion 115.

These terminals 15¢R, 15aG and 154B, and leads 155,
which are formed integral with signal electrodes 15R,
135G and 1358, respectively, are made of indium oxide
transparent conductive material.

Electrodes 16 which are not used, and have a length
equal to those of signal electrodes are located on the
outside of the outermost signal electrodes 15R and 15B.
These unused electrodes 16 are formed by indium oxide
conductive material simultaneously with the signal elec-
trodes. Since these electrodes 16 are unused, they are
not connected to the drive circuit.

These unused electrodes 16 are provided on the out-
side of outermost signal electrodes 15R and 15B so that,
after the transparent conductive material is deposited
on substrate 11 by the sputtering process, when signal
electrodes 18R, 15G and 15B are formed by etching, the
signal electrodes will be prevented from being too nar-
row.

In FIG. 3, liquid crystal aligning films 17 are pro-
vided on the inner surfaces (electrode array surfaces) of
upper substrate 12 and lower substrate 11. Polarizing
plates are provided on the outer surfaces of upper sub-
strate 12 and lower substrate 11. Liquid crystal aligning
films 17 are formed by applying a rubbing treatment to
the surfaces of polyimide films. Each direction of rub-
bing of the films 17 are perpendicular to each other. The
liquid crystal material L.C, which is filled between sub-
strates 11 and 12, 1s twisted 90°, by liquid crystal align-
ing film 17, such that the molecules at the upper region
of the material are arranged perpendicularly to the
molecules at the lower region of the material. Polariz-
ing plates 18 are arranged so that their polarization axes
are aligned with the aligning direction of the liquid
crystal molecules (the rubbing direction of the aligning
film) of either of the substrate surfaces. With this ar-
rangement, a negative display type liquid crystal display
element is formed.

‘To operate the color liquid crystal display element

thus constructed, a voltage is applied between signal
electrodes 1S8R, 15G, and 15B and scanning electrodes

14, which are arrayed facing the signal electrodes, in

accordance with a video signal. The liquid crystal LC at
the point where the selected electrodes and the com-
mon electrodes intersect, 1s activated. An intensity of
the light transmitted by color filter elements RF, GF
and BF of signal electrodes 1SR, 15G and 15G is con-
trolled by the action of liquid crystal substance I.C, to
provide color display.

Next, a manufacturing method of color filters accord-
ing to this invention, which ts used in manufacturing
color liquid crystal display device, will be described
with reference to FIGS. 5A to SF, 6A to 6C, and 7.

The red color filter elements RF, to be provided on
signal electrodes 18R, are formed after the process steps
shown in FIGS. 5A to SF and 6A to 6C are performed.
First, the lower substrate 11 with signal electrodes 15R,
- 15G and 15B arranged on it, is prepared (FIG. SA) with
conventional method. Then, the dyeable layer 19,
which comprises 2 mixture of a filtering material com-
posed of a protein substance such as casein or glue, and
a photosensitive material such as ammonium dichro-

mate, is applied to the entire surface of lower substrate
11, so as to cover all the signal electrodes (FIG. 5B).

Next, light exposure 1s performed by irradiating ultravi-
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olet rays on the portion of dyeable layer 19, which is
located on red signal electrodes 13K, using photomask
20 (FIG. 5C).

This exposure process 1s shown 1n detall In FIGS. 6A
to 6C and FIG. 7. In photo mask 20, chrome plating 22
is applied to the surface of glass plate 21, except in the
predetermined areas of ultraviolet rays transmitting
portion 20a. This chrome-plated portion 206 prevents
ultraviolet rays UV from being transmitted there-
through. The light transmitting portions 20ag of photo-
mask 20 are arranged at pitches each three times the
pitch P (FIGS. 4 and 7) of stripe signal electrodes 13, to
match the shape of the filter element of the same color

(for example, red filter elements RF) of those filter

elements RF, GF and BF.

Photomask 20 is located so that light transmitting
portions 20a coincide with red signal electrodes 15R, as
indicated by the solid lines in FIGS. 6a and 7. In this
condition, ultraviolet rays are irradiated from above
photomask 20, and layer 19 is subjected to the first
exposure. Next, photomask 20 is moved in the longitu-

~ dinal direction of red signal electrodes 15R (the direc-

25

30

35

tion of the stripes) to the position indicated by the two-
dots-chain lines of FIG. 7. Then, ultraviolet rays are
irradiated from above photomask 20, and dyeable layer
19 is subjected to the second exposure. The distance
over which photomask 20 is moved is set to a value
larger than any dust that is expected to adhere to photo-
mask 20. That 1s to say, if the color filters are manufac-

tured in an environment in which particles of dust

larger than 100 um in diameter do not exist, photomask
20 may be moved a mintmum of 100 um.

After the exposure process, the unexposed portion
19a of dyeable layer 19, which has not been exposed to
ultraviolet rays, and has had no chemical reaction, is
removed from substrate 11 by the developing process.
Exposed portion 196 of dyeable layer material 19,
which has been exposed to ultraviolet rays and chemi-
cally changed by a chemical reaction, is left on red
signal electrodes 1SR. In this manner, dyeable layers

- RFa are formed on the surface of red signal electrodes

45

50

33

65

1SR (FIGS. 5D and 6C). These dyeable layers RFa are
then dyed with red dye (FIG. SE). By applying an
anti-dyeing treatment with tannic acid to these dyed red
filter elements RF, red filter elements RF are formed.

Green filter elements GF and blue filter elements BF
are formed on green signal electrodes 15G and blue
signal electrodes 15B, by using the process steps similar
to those for the red filter elements. In this case, for the
first and second exposures for the dyeable layer corre-
sponding to green filter element GF, the initial position
of photo mask 20 for the first exposure is set to the
position distanced by one pitch (P) of the stripes from
the position when the red filter element RF is formed, in
the direction perpendicular to the stripes. For the first
and second exposures for the dyeable layer correspond-
ing to blue filter element BF, the initial position of
photo mask 20 for the first exposure is set to the position
distanced by two pitches (2P) of the stripes from the
position when the red filter element RF is formed, in the
direction perpendicular to the stripes.

If a defect, such as residual chrome of the photomask
or dust deposits, exists in light transmitting portion 20a
of photomask 20, unexposed portion 19¢ is formed on
dyeable layer 19 pertaining to the above defect in the
first exposure. However, in the second exposure after
photomask 20 has been moved, unexposed portion 19¢ is
irradiated by ultraviolet rays, and unexposed portion
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19¢ is chemically changed due to the chemical reaction.
Since unexposed portion 19¢ is not removed by the
subsequent developing process, a color filter element
without pinholes is obtained.

The reason why the pinhole-free filter element can be
obtained is that there is little probability that after the
mask is moved, another defect of photo mask will be
located over the unexposed portion 19¢ which, in the
first exposure, had not been irradiated with rays. For
this reason, dyeable layer 19 pertaining to the defect on
photomask 20 will be irradiated with light at least once
during the first and second exposures, and defects on
photomask 20 will not appear in dyeable layer 19.

Also, 1n order to further reduce the probability of the
occurrence of pinholes, after the second exposure, pho-
tomask 20 can be moved again in the direction of the
stripes, and then a third exposure can be performed.
Since the probability of different defects existing at
exactly the same position is very slight, the probability
of pinholes occurring is greatly reduced.

In the color filter thus formed, both ends of each
color filter element include portions which have been
1rradiated once by ultraviolet rays and the center por-
tion, between these portions, has been irradiated twice.
It 1s desirable that the portions that have been irradiated
once are outside the display area.

FI1G. 8 shows a modification of a manufacturing
method of color filters according to this invention. In
this modification, during the first exposure, photomask
20 is positioned in the position as indicated by the solid
hine in FIG. 8, for light irradiation. Then, as shown by
the two-dot-chain lines in FIG. 8, photomask 20 is
moved by three pitches (3P) in the direction orthogonal
to the the stripes, and the second exposure is performed.

When the filter elements are formed in this way, the
probability of defects existing at the exactly same point
over dyeable layer 19 in both the first and second expo-
sure 1s very slight, and the probability of the occurrence
of pinholes is reduced.

As explained above, according to the above embodi-
ment, photomask 20 is either moved from first to second
positions in the direction in which signal electrodes 15
extend, or in a direction perpendicular to that. Ultravio-
let rays are irradiated on the photosensitive dyeable
layer 19 at least one time when photomask 20 is located
at first position, and at least one time when photomask
20 1s located at second position. Therefore, without
complicating the manufacturing process, the dyeable
layer of the filters can be formed easily, and the occur-
rence of pinholes in color filter elements RF, GF and
BF can be minimized. The portions of the dyeable layer
that have been irradiated with ultraviolet rays only
once are outside the display area. With such an arrange-
ment, a color liquid crystal display element with a de-
. fect-free color filter can be obtained.

While, in the above-mentioned embodiment, an al-
buminous material with photosensitivity is used for
dyeable layer 19, but synthetic resin with photosensitiv-
ity may be used for the dyeable layer. Further, the
process for forming filter elements is not limited to that
of the above embodiment. For example, in the coating
process of the dyeable layer, filter material and the
photosensitive material, i.e. photoresist, may be layered
doubly. Such an embodiment will be explained with
reference to FIGS. 9A-9C. First, substrate 11, on which
signal electrodes 15 are formed in the manner shown in
FI1G. SA, is prepared. Next, dyeable layer 31, used for
torming filter elements, is formed on substrate 11. Layer
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32 of a photosensitive material, e.g., a photoresist layer,
1s formed on dyeable layer 31, as shown in FIG. 9A. As
shown in FIG. 9B, photoresist layer 32 1s exposed to
light and developed such that it remains only in the
region where formation of the filter elements is desired.
Layer 31 is then etched, using the remaining photoresist
layer 32 as an etching resist. By this etching step, layer
31 remains only on predetermined electrodes. Thereaf-
ter, the remaining portions of photoresist layer 32 are
removed, as shown in FIG. 9C. The remaining portions
of layer 31 are dyed, as in the process shown in FIGS.
SE and SF. Thereafter, an anti-dyeing treatment is ap-
plied. The above steps are repeated for each color.
According to the process of this embodiment, when
photoresist 32 is exposed to light the photomask is
moved at least once. Due to this, it is possible to prevent
the occurrence of defects such as pmholes

The color filter manufacturing method is not limited
to color filter elements arranged in the stripe pattern as
described above. The same method may also be applied
for those arranged in a mosaic or matrix pattern.

Such an instance is illustrated in FIG. 10. As shown,
red filter element RF1, green filter element GF1 and
blue filter element BF1 are formed like small square
dots, and arranged in this order to form a trio of filter
elements. These trios are arranged contiguously to form
a color filter. In this case, during the first and second
exposures, the photomask is moved horizontally on the
drawing for a distance of three horizontal pitches
(P1x3) of the horizontal array of the color filter ele-
ments. When the photomask is moved both vertically
and horizontally on the drawing, it is moved horizon-
tally by 1Xipitches (P1X 13) horizontally, and verti-

cally for one pitch (P1') of the vertical array of color
filter elements.

In the above-mentioned embodiments, the photo
mask is moved a predetermined distance in the stripe-
extending direction, and a distance three times the pitch
in the direction of the horizontal array of the filter ele-
ments. In the case of the mosaic pattern filter, it is
moved so that the filter element patterns are over-
lapped. As an alternative, it may be moved in the stripe-
extending direction and across the stripe pattern. Addi-
tionally, it may be moved a distance three times the
pitch of the vertical array of filter elements, across the
stripe pattern. Essentially, the photomask may be
moved in any way, if some of the corresponding filter
elements are overlapped for exposure.

In the above-mentioned embodiments, after the filter
elements are formed, these elements are dyed. Alterna-
tively, after the dyeable film is formed, it is dyed, and
subjected to the exposure process and the etching pro-
cess.

While the above embodiments relate to the forming
of color filter film for the color liquid crystal display
element, this invention may also be applied to the form-
ing of color filter film for other elements, such as color
IMage Sensors.

What is claimed is:

1. A method of manufacturing a color filter having
color filter elements of the three primary colors which
are arranged in a pattern employed in a hquld crystal
display device, comprising the steps of:

a first step of forming a negative photosensitive and
colorable one-layer film on at least one of a pair of
substrates employed in the liquid crystal color dis-
play device and facing each other;
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a second step including a first sub-step of positioning
a mask having a predetermined pattern at a first
position relative to said film and exposing said film
at least one time, and a second sub-step of position-
ing said mask, substantially sequentially after said
first sub-step, at a second position away from said
first position and exposing said film at least one
time;

a third step of removing portions of the film which
are not exposed when said mask is in both of said
first and said second positions in the second step,
whereby preventing said portions from forming
said color fiiter elements; and |

a fourth step following either one of said first and said
third steps, for coloring at least a part of said film in
one of the three primary colors.

2. The method according to claim 1, wherein:

said first step includes forming said film from a photo-
sensitive dyeable resin or a mixture of protein and
photosensitive material.

3. The manufacturing method according to claim 1,
wherein said first step includes forming said substrate as
a transparent substrate, positioning transparent elec-
trodes, arranged in a stripe fashion on said substrate and
forming said film on said substrate and said electrodes.

4. The manufacturing method according to claim 3
wherein said second sub-step includes a step in which
said mask is moved in the stripe-extending direction of
said electrodes and placed at the second position, and
said film is irradiated by light rays through said mask.

5. The manufacturing method according to claim 3,
wherein said second sub-step includes a step in which
said mask is moved in a direction orthogonal to the
strip-extending direction of said electrodes and placed
at the second position, and said film is irradiated by light
rays through said mask.

6. The manufacturing method according to claim 3§,
“wherein said mask is moved from first position to sec-
ond position by a distance which is a pitch of said stripe-
patterned electrode for a specified color.

7. The manufacturing method according to claim 1,
including forming segmented electrodes into small unit
sections on said substrate, and arranging electrodes
corresponding to each color on the substrate in a zig-
zag fashion, and -

said first step includes forming the photosensitive film
on said substrate and on said electrodes, said first
sub-step of said second step includes placing said
mask with a pattern analogous to the pattern of said
electrodes formed on the substrate at the first posi-
tion which is set corresponding to said electrodes,
and said film is irradiated by light rays through said
mask, and said second sub-step includes placing
said mask at the second position by a distance cor-
responding to the pattern of said color filter ele-
ments, and said film is irradiated by hght rays
though said mask.

8. The manufacturing method according to claim 1,
wherein said fourth step includes dyeing a portion of
the film left on a surface of the substrate using a desired
dyeing material.

9. The method according to claim 1, including pro-
viding said film with photosensitivity so as to be hard-
ened by irradiation of light, and said third step com-
prises removing unhardened portions of said fiim.

10. A method of manufacturing a color filter having
color filter elements of the three primary colors which
are consecutively arranged in a pattern employed in a
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liquid crystal color display device, comprising the steps
of:

a step in which a negative photosensitive dyeable
one-layer film is formed on at least one of a pair of
substrates employed in the liquid crystal color dis-
play device and facing each other, with a plurality
of electrodes pertaining to the three primary colors
being arranged in a stripe fashion on the at least one
of a pair of substrates;

a first exposing step in which a mask with a light-
transmitting portion with a stripe pattern corre-
sponding to the stripe pattern of electrodes is
placed at a first position which is set corresponding
to said electrodes, and said film is irradiated by
light rays through the mask;

a second exposing step in which said mask i1s moved
by a predetermined distance and placed at a second
position, and said film is irradiated by light rays
through the mask, said second exposing step being
executed substantially sequentially after said first
exposing step;

a developing step in which the portion of said film not
exposed to light rays is removed by dissolving 1it,
said developing step being executed substantially
sequentially after said second exposing step;

a dyeing step in which the film remaining on the
electrodes of the substrate is dyed by a desired
dyeing material, to form color filter elements of the
three primary colors.

11. The method according to claim 10, wherein said

second exposing step includes a step of moving said
mask in the stripe-extending direction of said electrodes
by a predetermined distance, and said film irradiated by

light rays through the mask.
12. The method according to claim 10, wherein said

step of forming said dyeable material film includes a
step for forming a dyeable film on a substrate which has
three types of electrodes pertaining to red, green and

blue, consecutively arranged in a stripe fashion, said

second exposing step includes a step for moving said
mask by three pitches of the stripe pattern of three types
of electrodes, and a step for irradiating said film with
light rays through the mask.

13. A method of manufacturing a color filter having

color filter elements of the three primary colors which
are consecutively arranged in a pattern employed in a
liquid crystal color display device, comprising the steps
of:

a first step of forming on at least one of a pair of
substrates employed in the liquid crystal display
device and facing each other a film with a photo-
sensitivity so as to be hardened by irradiation of
light, said film having colorability;

a second step including a first sub-step of positioning
a mask having a predetermined pattern at a first
position relative to said film and exposing said film
at least one time, and a second sub-step of position-
ing said mask substantially sequentially after said
first sub-step, at a second position away from said
first position and exposing said film at least one
time;

a third step of removing portions of the film which
are not exposed when said mask is in both of said
first and said second positions in satd second step,
said third step being extended only once, after said
first and second sub-step of said second step are
completed; and
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a fourth step following either one of said first and said
third steps, for coloring at least a part of said film in
one of the three primary colors.

14. The method of claim 13, wherein said first step
includes forming said film from a photosensitive dye-
able resin or a mixture of protein and photosensitive
material. |

15. The method of claim 13, wherein said first step
includes forming said substrate as a transparent sub-

strate, positioning transparent electrodes arranged in a 10

stripe fashion on said substrate, and forming said film on
said substrate and said electrodes.

16. The method of claim 13, including forming stripe-
patterned electrodes on said substrate and forming said
film on the surface of the substrate and said electrodes,
the first sub-step of said second step includes setting said
first position of the mask to correspond with said elec-
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trode pattern and irradiating said film by light rays
through said mask, and the second sub-step includes
setting said second position of the mask a certain dis-
tance away from said first position and irradiating the
film by light rays through said mask.

17. The method of claim 16, wherein said second
sub-step includes moving said mask in the direction of
the stripes of said electrodes when setting the mask at
the second position.

~ 18. The method of claim 16, wherein said second
sub-step includes moving said mask in a direction or-
thogonal to the direction of the stripes of said electrodes
when setting the mask at said second position.

19. The method of claim 13, wherein said fourth step
includes dyeing a position of the film left on a surface of

the substrate using a desired dyeing material.
x ¥ * x *
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